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Introduction
Date palm (Phoenix dactylifera L.) belonging to the monocotyledonous family Arecaceae is an economically important tree species. The exact origin of the date palm is unknown, but according to the archaeological evidence from the ancient Mesopotamia, it is believed that this plant originated in the southern region of the present-day Iraq, at least 6,000 years ago (Chao and Krueger, 2007; Al-Khalifah and Manickavsagan, 2012) . The traditional method for the date palm propagation is through offshoots, but many factors may hinder their application. Therefore, the tissue culture technique can be used as another method for the date palm propagation. Micro-propagation of date palm cultivars is a promising way to apply them successfully on the commercial scale (Jasim et al., 2009; Al-Mayahi et al., 2010) . The main reasons for using this method are: virus-free planting material possible to obtain, and to multiply these plants quickly throughout the year irrespective of the season and weather. During vegetative propagation by offshoots, many diseases are often spread, which also results in a limited number of offshoots (Gueye et al., 2009) . Plant tissues and organs are cultured on artificial culture media providing the nutrients essential for growth and development.
Tissue cultures were used in many studies on plant response to metal ions, with conclusions that the success of plant propagation by tissue cultures was highly influenced by the composition of the culture medium used (Al-Mayahi, 2012 and 2014) . The data showed that AlCl 3 treatments induced and propelled differentiation of friable callus explants of the date palm cv. Sewi (Zayed et al., 2019) . High concentrations of Al caused the inhibition of cells elongation and their evolution. It also interfered with the absorption and transport of many nutrients, such as Ca, Mg, K, P and Fe (Ezaki, 2004; Rout et al., 2001) . The plant cells possess highly efficient defense systems for response to abiotic and biotic stress. Some elements, aluminum included, have been identified necessary and useful for some plant species, but this fact still requires a closer specification of its importance on a larger scale. The present study is an attempt to understand the in vitro effects of aluminum on organogenesis expressed as induction of adventitious buds from callus, multiplication shoots and some biochemical changes of the date palm cv. Um-Aldehin.
Materials and methods
Callus was separated and cultured on a MS basal medium (Murashige and Skoog, 1962) with an addition of 0.5 mg l -1 naphthalene acetic acid (NAA), 0.5 mg l -1 6-benzyladenine (BA), 0.5 mg l -1 N 6 -furfuryladenine "kinetin" and 0.5 g l -1 activated charcoal (Al-Mayahi, 2016a). Different concentrations of Al were used: 25, 50, and 100 mg l -1 of aluminum chloride AlCl 3 . 6H 2 O. Al was sterilized separately and added to the rest of the medium before pouring it in jars, together with the control treatment (without Al). All the cultures were incubated at 27 ± 2 °C and irradiated for 16 h with a diffuse light provided by daylight fluorescent lamps. The results of the experiments regarding the percentage of shoot regeneration and shoot number per a jar were evaluated 12 weeks after the inoculation of callus on the media. There were fifteen replicates of each treatment.
Effect of aluminum on some growth criteria
The growth criteria as response of callus (100 mg weight) for shoot formation (%) and the number of shoots per a jar were recorded after 12 weeks from the callus culture application.
Biochemical and physiological parameters determination Estimation of macronutrients for in vitro shoots growing
Contents of nitrogen, phosphorus, potassium, calcium, magnesium, and sodium in shoots of date palm cv. Um-Aldehin were analyzed according to the method described by Cresser and Parsons (1979) . The shoots were dried and subsequently washed with rinsed distilled water, re-dried and homogenized. After sieving the shoot tissues, they were prepared for analyses by the method of wet digestion using a combination of sulfuric acid (69%) and perchloric acid (62%) under heating for one hour, then, the digested solution was transferred into volumetric flasks with a volume of 50 cm 3 , and the volumes were completed in size with deionized water. Chemical analyzes of nutrients were performed using the following methods: The N content in shoot tissues was determined by the Kjeldahl method according to Page et al. (1982) ; phosphorus was determined by spectrophotometer at 880 nm, according to Murphy and Riley (1962) . K, Ca, Mg, and Na was measured by atomic absorption spectrometry, according to method described by Black (1965) .
Assay of antioxidant enzyme activities
Ascorbate peroxidase (APX; EC 1.11.1.11) was measured from Al treated shoots, as well as non-treated shoots (control treatment) spectrophotometrically at 290 nm, 50 mM potassium phosphate buffer (pH 7.0), 0.5 mM ascorbic acid, 0.1 mM hydrogen peroxide, and 0.1 ml of enzyme extract in a total volume of 1 ml. The absorption coefficient was 2.8 mM −1 cm −1 , after 10 weeks of culturing in different media (Nakano and Asada, 1981) . The absorption coefficient was 2.8 mM −1 cm −1 . One unit of APX was defined as 1 mmol ml −1 ascorbate oxidized min −1 (Hossian et al., 2006) .
Determination of proline content
The amount of proline in date palm shoots was determined according to the method described by Bates et al. (1973) , where the proline concentration was calculated based on a standard curve and was expressed as μmol proline g −1 FW.
Assessment of chlorophyll content
The total chlorophyll content in the leaves was estimated according to the method described by (Porra, 2002) .
Statistical analysis
All the data were statistically analyzed by one way analysis of variance (ANOVA), and with the least significant difference (LSD) method used to test the difference between the treatments, with p ≤ 0.05 considered as statistically insignificant. Statistical analyses were performed with a SPSS packet software. Table 1 summarizes the data of the growth and development of callus tissue of date palm cv. Um-Aldehin using three Al concentrations as well as the control treatment. The cultures grown at Al (50 mg l -1 ) showed better result in amount (73.34%) of callus producing shoots and average shoots formation (8.20 shoots/jar) compared with the cultures grown at Al (0 "control treatment" and 25 mg l -1 ), which were 53.34%, 5.6 shoots, and 60.00%, 6.7 shoots, respectively. While the increasing Al levels obtained the lowest response percentage (40.0%) of callus producing shoots and average shoots formation (3.8 shoots/jar) in the growth medium to 100 mg l -1 (Fig. 1 ).
Results

Growth parameters
According to the results obtained, the Al treatment led to some of the most significant effects as for macronutrient accumulation in the shoot tissues of the date palm. The shoots grown in the medium supplemented with Al at 50 mg l -1 exhibited a significant increase in their content of elements: N (5.113%), P (2.907 mg g -1 DW), K (4.475 mg g -1 DW), Ca (17.690 mg g -1 DW) and Mg (14.024 mg g -1 DW), compared to the other treatments (Table 2) . On the other hand, increasing Al concentrations in the culture medium to 100 mg l -1 decreased the N, P, K, Ca, and Mg, in shoots of date palm cv. Um-Aldehin. The only exception was K content that remained significantly unchanged with increasing of Al concentrations in the culture medium compared to the control treatment ( Table 2 ).
The activity of ascorbate peroxidase (APX)
The results in Fig. 2 show changes in ascorbate peroxidase (APX; EC 1.11.1.11) enzyme activity under different concentrations of AlCl 3 . The APX enzyme activity increased linearly with increasing Al level from 0-100 mg l -1 . The highest level of APX was recorded in the shoots cultured in the medium supplied with a high concentration of aluminum 100 mg l -1 , while the least activity of APX was achieved in the control treatment after 12 weeks of culture exposed in the different media.
Changes in proline
The results given in Fig. 3 indicate that increasing AlCl 3 levels in the media (0-100) mg l -1 , increased the proline levels in the shoots significantly (p < 0.05), while the minimum proline content was detected at the control treatment.
Changes in chlorophyll
Chlorophyll a, b, and total chlorophyll content of the shoots increased with the increasing Al concentrations up to the optimal level (50 mg l -1 AlCl 3 ), them there fol- lowed a decrease, with the minimum chlorophylls content found at the highest concentrations used (100 mg l -1 AlCl 3 ) (Table 3) . Table 3 . Effect of different concentrations of aluminum on the content of chlorophylls a, b, and total chl in the date palm cv. Um-Aldehin in vitro *Values followed by the same letter vertically are not significantly different at p < 0.05. 
Discussion
The tissue culture technique we used helped in solving many challenging problems traditionally difficult to tackle by other known methods. The application of Al (25 and 50 mg l -1 ) induced a growth enhancement and regeneration of shoots, which was accompanied by increased mineral concentrations in the shoots. This suggests that the Al concentration in plant tissues is related to the growth-induced effect of Al. The inhibition of shoot growth was present at the high concentration of aluminum (100 mg l -1 ), probably due to a disturbance of the cell division in the meristematic zone. It has been briefly described that the addition of low concentrations of aluminum increases the plants growth (Taiz and Zeiger, 2009) . The elements N, P, K, Ca, and Mg have significantly increased with the increase of the aluminum concentration to the optimum concentration (50 mg l -1 ), then the content of these elements decreased with the increase of the aluminum concentration to 100 mg l -1 . One of the effects of high concentrations of aluminum in plants is the interference in absorption of minerals, especially phosphorus (Marscner, 1995) . The aluminum can decrease the absorption of K by competitive discourage (Malavolta et al., 1997) . It has been reported that the potassium deficiency, stimulated by aluminum, affects nitrogen metabolism by inducing the accumulation of putrescine (Basso et al., 2007) , whose diamine interacts with phospholipids, and decreases the fluidity of the plasmatic membrane. The reduction of nutrient uptake for date palm shoots grown with Al corroborates with the results of a previous report carried out on the bananas (Rufyikiri, 2000) . Al effects on nutrient absorption can also affect the water uptake by alteration of the plant metabolism. The reduction in percentage response of callus to regeneration of shoots and number of shoots generated may be attributed to limited absorption of nutrients, such as Ca and Mg, at a high concentration of Al. Our results agree with Meriǹo-Gergichevich et al. (2010), who found that the reduction in shoot and root dry weight was accompanied with limited absorption of nutrients, such as Ca and Mg, caused by Al. Ribeiro el al. (2013) reported that the N, P, K, Ca, and Mg decreased in two genotypes of cocoa with Al-treatments. Rufyikiri et al. (2000) mentioned that the Al inhibited the absorption of elements (Ca, Mg, K, P) especially Mg. Amaral et al. (2013) reported that the aluminum stimulates the potassium concentrations in the S. macrocephala. The reduction of growth under high stress may relate to the decrease in nutritive elements uptake (Yousefi et al., 2017) . Our results are accord with the results reached Jemo et al. (2007) , concerning the P content for Al-treated Vignaun guiculata, whose P accumulation was significantly reduced. The results of our study agree with Ribeiro et al. (2013) who mentioned that the increase the concentration of aluminum reduced the content of metal elements in the plant parts. Al associates with oxygen donor molecules and accelerates production of reactive oxygen species (ROS). These ROS cause oxidative damage to cellular organisms and bimolecular and thus lead to several metabolic modifications (Ma, 2007) . The ability of a plant to improve its capacity to remove ROS is an essential factor in the mechanism of oxidative stress tolerance. It was observed that the antioxidant capacity of the date palm shoots varies according to the Al treatment applied. The Al effect suggests that the non-enzymatic antioxidant defense mechanism is differentially activated according to Al concentration, which could be an indication that the effective antioxidant answer occurs at high concentrations of Al, as was the case of 100 mg l -1 Al treatment. Plants have effective systems to crush active 1.5 0,25 0.5 0.6 oxygen species that protect them from destructive oxidation reactions (Munnē-Bosch et al., 2001) . Antioxidant enzymes are the main components of defense mechanisms protecting cells from damage. Plants with high levels of antioxidants are more resistant to oxidative damage (Koca et al., 2007) . From the present study, it has been concluded that the stimulation in proline accumulation may reflect the overcoming the stress generated by aluminum in shoots of date palm in vitro. The increase in proline content due to Al concentrations has been reported by Amaral et al. (2013) . Proline accumulation helps to stabilize sub-cellular structures (proteins and membranes), free radical scavengers, and defending cellular redox potential under stress conditions (Ashraf and Foolad, 2007) . Therefore, the accumulation of this amino acid may be a part of general adaptation to stress conditions after being observed as a response to several stresses, including exposure to Al (Siripornadulsil et al. 2002) . Proline functions acting as indicators of prevention, prevent stress-caused damages. Also, many studies supported the correlation between proline synthesis and improved resistance. Proline accumulation in cells protects them against many harmful effects including the high contents of mineral elements. Many reports suggest a positive relationship between proline accumulation and plant stress (Al-Mayahi, 2015 , 2016b . In current experiments, the activity of APX was synchronized with an increase of aluminum levels, therefore, controlling the level of H 2 O 2 . The increase in APX activity can be due to stress caused by changes in the media composition, where Al induces a stress response (Siripornadulsil et al. 2002 , Vardar et al., 2006 . The accumulation of excessive quantities of heavy metals in plant tissues of causes changes in physiological processes, including the biosynthesis of chlorophyll (Hussian et al., 2010; Al-Mayahi, 2014) . Chlorophyll a fluorescence has been described by Kalaji et al. (2016) as an important tool for monitoring the physiological state of plants growing under different environmental stress conditions. It has been found that different stress has harmful effects on photosynthesis process rate in many plant species (Uhrin et al., 2018) . Ribeiro et al. (2013) , Ribeiro et al. (2013) reported that increasing Al levels decreased photosynthetic rate. The results of our study are in accord with the results of Zhang et al. (2007) and Ali et al. (2008) who reported a decrease in Chl concentrations due to high concentrations of aluminum. .
Conclusions
The application of different concentrations of Al into the culture medium of the date palm produced significant effects on some growth criteria, AlCl 3 treatment at an amount of 50 mg l -1 stimulated the development of callus, with high differentiation percentage of shoots and an increasing number of shoots differentiated. Additionally, the shoots were found to have higher contents of potassium, magnesium, sodium, and chlorophyll when they were grown under this level compared to the other treatments. On the other hand, Al treatment at a concentration of 100 mg l -1 stimulated the proline accumulation with increasing the activity of APX.
